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' R I P A R I A N  M A N A G E M E N T  T O  P R O T E C T  W A T E R  Q U A L I T Y  
R i c h a r d  C .  S c h u l t z  
P r o f e s s o r  
D e p a r t m e n t  o f  F o r e s t r y  
I o w a  S t a t e  U n i v e r s i t y  
T h o m a s  M .  I s e n h a r t  
R e s e a r c h  A s s o c i a t e  
D e p a r t m e n t  o f  F o r e s t r y  
I o w a  S t a t e  U n i v e r s i t y  
I n t r o d u c t i o n  
T h e  a g r i c u l t u r a l  l a n d s c a p e  h a s  f o u r  m a j o r  s o u r c e s  o f  n o n - p o i n t  s o u r c e  ( N P S )  p o l l u t a n t s .  T h e s e  a r e :  
1 )  s u r f a c e  a n d  s u b s u r f a c e  r u n o f f  w h i c h  c a r r y  s e d i m e n t  a n d  a g r i c u l t u r a l  c h e m i c a l s  t o  s t r e a m s ;  2 )  
e r o d i n g  s t r e a m b a n k s  w h i c h  c a n  c o n t r i b u t e  m o r e  t h a n  f i f t y  p e r c e n t  o f  t h e  s e d i m e n t  l o a d  t o  t h e  s t r e a m ;  
3 )  f i e l d  t i l e  d r a i n s  w h i c h  c o n t r i b u t e  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  s o l u b l e  a g r i c u l t u r a l  c h e m i c a l s  t o  
s t r e a m s ;  a n d  4 )  l i v e s t o c k  g r a z i n g  o f  s t r e a m s i d e  o r  r i p a r i a n  a r e a s  w h i c h  c o n t r i b u t e  t o  b a n k  i n s t a b i l i t y  
a n d  a d d  a n i m a l  w a s t e  a n d  p a t h o g e n s  t o  t h e  w a t e r .  
M a i n t a i n i n g  o r  e s t a b l i s h i n g  a  f o r e s t e d  o r  p r a i r i e  b u f f e r  a l o n g  s t r e a m s  a n d  r i v e r s  p r o v i d e s  m o r e  t h a n  
j u s t  a  b e a u t i f u l  l a n d s c a p e .  W h i l e  a  c o n s i d e r a b l e  b o d y  o f  e v i d e n c e  c o n f i r m s  t h a t  e x i s t i n g  v e g e t a t e d  
s t r e a m s i d e  z o n e s  c a n  b e  e f f e c t i v e  s i n k s  f o r  N P S  p o l l u t i o n  ( C a s t e l l e  e t  a l .  1 9 9 4 ,  O s b o r n e  a n d  K o v a c i c  
1 9 9 3 ,  L o w r a n c e  1 9 9 2 ,  C o o p e r  e t  a l .  1 9 8 7 ,  J a c o b s  a n d  G i l l i a m  1 9 8 5 ,  L o w r a n c e  e t  a l .  1 9 8 5 ,  1 9 8 4 ,  
P e t e r j o h n  a n d  C o r r e l l  1 9 8 4 ) ,  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  r e s t o r e d  o r  c o n s t r u c t e d  s t r e a m s i d e  
b u f f e r  s y s t e m s .  D e s i g n i n g  a n d  e s t a b l i s h i n g  t h e  r i g h t  c o m b i n a t i o n  o f  n a t i v e  t r e e s ,  s h r u b s  a n d  g r a s s e s  
a s  b u f f e r  s t r i p s  a n d  i n t e g r a t i n g  t h e m  w i t h  c o n s t r u c t e d  w e t l a n d s ,  s o i l  b i o e n g i n e e r i n g  a n d  r o t a t i o n a l  
g r a z i n g  c a n  i m p r o v e  w a t e r  q u a l i t y .  
R i p a r i a n  M a n a g e m e n t  S y s t e m s  
T o  d e m o n s t r a t e  t h e  b e n e f i t s  o f  p r o p e r l y  f u n c t i o n i n g  r i p a r i a n  z o n e s  i n  t h e  h e a v i l y  r o w - c r o p p e d  
m i d w e s t e r n  U . S . ,  t h e  A g r o e c o l o g y  I s s u e  T e a m  ( A I T )  o f  t h e  L e o p o l d  C e n t e r  f o r  S u s t a i n a b l e  
A g r i c u l t u r e  a n d  t h e  I o w a  S t a t e  A g r o f o r e s t r y  R e s e a r c h  T e a m  ( I S t A R T )  a r e  c o n d u c t i n g  r e s e a r c h  o n  t h e  
d e s i g n  a n d  e s t a b l i s h m e n t  o f  a  r i p a r i a n  m a n a g e m e n t  s y s t e m  ( R i M S )  m o d e l .  T h e  p u r p o s e  o f  t h i s  
s y s t e m  i s  t o  r e s t o r e  t h e  e s s e n t i a l  e c o l o g i c a l  f u n c t i o n s  t h a t  t h e  r i p a r i a n  a r e a s  o n c e  p r o v i d e d .  S p e c i f i c  
o b j e c t i v e s  o f  t h i s  r i p a r i a n  m a n a g e m e n t  s y s t e m  a r e  t o  i n t e r c e p t  e r o d i n g  s o i l  a n d  a g r i c u l t u r a l  c h e m i c a l s  
f r o m  a d j a c e n t  c r o p  f i e l d s ,  s l o w  f l o o d  w a t e r s ,  s t a b i l i z e  s t r e a m b a n k s ,  p r o v i d e  w i l d l i f e  h a b i t a t ,  a n d  
i m p r o v e  t h e  b i o l o g i c a l  i n t e g r i t y  o f  a q u a t i c  e c o s y s t e m s .  
T h e  R i M S  m o d e l  c o n s i s t s  o f  f o u r  c o m p o n e n t s :  1 )  a  c o n s t r u c t e d ,  m u l t i - s p e c i e s  r i p a r i a n  b u f f e r  s t r i p ,  2 )  
s o i l  b i o e n g i n e e r i n g  t e c h n o l o g i e s  f o r  s t r e a m b a n k  s t a b i l i z a t i o n ,  a n d  3 )  c o n s t r u c t e d  w e t l a n d s  t o  
i n t e r c e p t  a n d  p r o c e s s  N P S  p o l l u t a n t s  i n  a g r i c u l t u r a l  d r a i n a g e  t i l e  w a t e r  a n d  r i p a r i a n  z o n e  r o t a t i o n a l  
g r a z i n g  s y s t e m s  w i t h  c o n t r o l l e d  a c c e s s  t o  t h e  s t r e a m  c h a n n e l  ( F i g u r e  1 ) .  T h e  R i M S  i s  b e i n g  d e s i g n e d  
s o  t h e  f o u r  c o m p o n e n t s  c a n  b e  u s e d  i n d i v i d u a l l y  o r  i n  c o m b i n a t i o n  d e p e n d i n g  o n  t h e  N P S  p o l l u t i o n  
p r o b l e m s  t h a t  h a v e  b e e n  i d e n t i f i e d  f o r  a  p a r t i c u l a r  l a n d s c a p e .  T h e  r e s e a r c h  o n  t h i s  m o d e l  w a s  
i n i t i a t e d  i n  1 9 9 0  a l o n g  a  1  k m  l e n g t h  o f  B e a r  C r e e k  i n  a  h i g h l y  d e v e l o p e d  a g r i c u l t u r a l  r e g i o n  o f  
c e n t r a l  I o w a .  T h e  b u f f e r  s t r i p  s y s t e m  h a s  s u b s e q u e n t l y  b e e n  p l a n t e d  a l o n g  a n  a d d i t i o n a l  2 . 4  k r . - ;  o f  
B e a r  C r e e k  u p s t r e a m  f r o m  t h i s  o r i g i n a l  s i t e .  
M u l t i - S p e c i e s  R i p a r i a n  B u f f e r  S t r i p  
T h e  g e n e r a l  m u l t i - s p e c i e s  r i p a r i a n  b u f f e r  s t r i p  l a y o u t  c o n s i s t s  o f  t h r e e  z o n e s  ( F i g u r e  2 ) .  S t a r t i n g  a t  
t h e  c r e e k  o r  s t r e a m b a n k  e d g e ,  t h e  f i r s t  z o n e  i n c l u d e s  a  1 0 m  w i d e  s t r i p  o f  4 - 5  r o w s  o f  t r e e s ,  t h e  
s e c o n d  z o n e  i s  a  4  m  w i d e  s t r i p  o f  1 - 2  r o w s  o f  s h r u b s ,  a n d  t h e  t h i r d  z o n e  i s  a  7  m  w i d e  s t r i p  o f  n a t i v e  
w a r m - s e a s o n  g r a s s .  T h i s  d e s i g n  i s  i m p o r t a n t  b e c a u s e  t h e  t r e e s  a n d  s h r u b s  p r o v i d e  p e r e n n i a l  r o o t  
s y s t e m s  a n d  l o n g - t e r m  n u t r i e n t  s t o r a g e  c l o s e  t o  t h e  s t r e a m  w h i l e  t h e  g r a s s  p r o v i d e s  t h e  h i g h  d e n s i t y  
o f  s t e m s  n e e d e d  t o  d i s s i p a t e  t h e  e n e r g y  o f  s u r f a c e  r u n o f f  f r o m  t h e  a d j a c e n t  c r o p l a n d .  
1 3 7  
Fast growing trees are recommended to provide a functioning multi-species riparian buffer strip in 
the shortest possible time. It is especially important that rows 1-2 (row 1 is closest to the streambank 
edge) in the tree zone include fast-growing, riparian species such as willow (Salix sp.), cottonwood 
(Populus deltoides), silver maple (Acer sacharinum), hybrid poplars (Populus sp.), green ash 
(Fraxinus pennsylvanica), and box elder (Acer negundo). Appropriate moderately-fast growing 
species include black ash (Fraxinus nigra), river birch (Betula nigra), hackberry (Celtis occidentalis), 
shellbark hickory (Carya laciniosa), swamp white oak (Quercus bicolor), Ohio buckeye (Aesculus 
glabra), and sycamore (Platanus occidentalis) can be grown in rows 3-5. The key to tree species 
selection is to observe native species growing along existing natural riparian zones and select the 
faster growing species. If height from the top of the streambank to the water level at normal flow 
(summer non-flood stage) is more than 1 m and soils are well drained, species such as black walnut 
(Juglans nigra), red oak (Quercus rubra), white oak (Quercus alba), white ash (Fraxinus americana) 
or even selected conifers can be planted in rows 4-5. The slower growing species will not begin to 
function as significant nutrient sinks as quickly as faster growing species. Other selections could be 
made based on species growing in neighboring uplands. 
Shrubs are included in the design because of their permanent roots and because they add biodiversity 
and wildlife habitat. Their multiple stems also function to slow flood flows. The mixture of species 
that have been used by AIT and !StART include ninebark (Physocarpus opulifolius), red-osier 
(Comus stonifera) and gray dogwood (Comus racemosa), chokecherry (Prunus virginiana), 
Nanking cherry (Prunus tomentosa), hazel (Corylus americana), and nannyberry (Vibumm lentago). 
Other shrubs can be used, especially if they are native species and provide the desired 
wildlife/aesthetic objectives. These other species could include speckled alder (Alnus rugosa), 
serviceberry (Amelanchier arborea), silky dogwood (Comus obliqua), hawthorns (Crataegus sp.), 
wild plum (Prunus americana), pin cherry (Prunus pennsylvanica), peachleaf willow (Salix 
amygladoides), and sandbar willow (Salix interior). 
The grass zone functions to intercept and dissipate the energy of surface runoff, trap sediment and 
agricultural chemicals in the surface runoff, and provide a source of soil organic matter for microbes 
which can metabolize the NPS pollutants. A minimum width of 7 m of switchgrass (Panicum 
virgatum) is recommended because it produces a uniform cover and has dense, stiff stems which 
provide a highly frictional surface to intercept surface runoff and facilitate infiltration. Other warm 
season grasses, such as Indian grass (Sorghastrum nutans) and big bluestem (Andropogon gerardii) 
and native perennial forbs also may be part of the mix. Because of its structure, switchgrass should 
be used where surface runoff is most severe. 
If the buffer strip is being planted on a recently abandoned crop field, a mixture of perennial rye and 
timothy grass should be sown before or at the time of planting. If the buffer strip is being established 
on an abandoned pasture, strips of grass should be killed prior to planting the trees and shrubs. The 
prairie seed mix can be drilled into a pasture sod that has been killed with a herbicide. Weed control 
is of paramount importance during the first 3-4 years of establishment. The planting should be 
inspected frequently and appropriate herbicides or mowing used if needed. The tree and shrub rows 
should be mowed once or twice during the season to help identify the planting rows and to 
discourage rodent problems. The plantings should be inspected after every major storm event and 
areas repaired where surface runoff or flood flows have washed out plant material. 
It costs about $350-$400 per acre to install the three zone multi-species buffer strip. This includes 
plant purchases, site preparation, planting, and maintenance costs in the first year. About $20 per 
acre should be figured for annual maintenance for the first 3-4 years. Cost-share programs such as 
the Conservation Reserve Program (CRP) and the Stewardship Incentive Program (SIP) can provide 
assistance with establishment costs. 
The multi-species riparian buffer strip model presented here prescribes a zone of trees, a zone of 
shrubs, and a zone of prairie grass. Although these species combinations provide a very effective 
plant community, they are not the only combinations that can be effective. Site conditions (e.g. soils, 
slope), major buffer strip biological and physical function(s), owner objectives, and cost-share 
program requirements should be considered in specifying species combinations and placement. 
Although the model that AIT and !StART have developed is 20 m wide on each side of the creek, 
stream, or river, a multi-species riparian buffer strip may have different widths that can be adapted to 






m a j o r  f u n c t i o n s  o f  t h e  h u f f e r  s t r i p  a n d  t h e  s l o p e  a n d  u s e  o f  t h e  a d j a c e n t  l a n d .  I f  t h e  m a j o r  p u r p o s e  
o f  t h e  b u f f e r  s t r i p  i s  s e d i m e n t  r e m o v a l  f r o m  s u r f a c e  r u n o f f ,  a  w i d t h  o f  1 0  - 1 5  m  m a y  b e  s u f f i c i e n t  o n  
s l o p e s  o f  0 - 5 % .  I f  e x c e s s  n u t r i e n t  r e m o v a l  f r o m  t h e  s o i l  s o l u t i o n  a l s o  i s  a n  i m p o r t a n t  f u n c t i o n ,  a  
w i d t h  o f  2 0  - 3 0  m  w o u l d  b e  n e c e s s a r y  d e p e n d i n g  o n  t h e  k i n d  a n d  q u a n t i t y  o f  a g r i c u l t u r a l  c h e m i c a l s  
a p p l i e d  a n d  t h e  s o i l  a n d  c u l t i v a t i o n  s y s t e m  u s e d .  I f  r o w - c r o p s  a r e  f o u n d  a d j a c e n t  t o  t h e  b u f f e r  s t r i p ,  
b o t h  t h e  s e d i m e n t  a n d  c h e m i c a l  r e m o v a l  f u n c t i o n s  w o u l d  b e  i m p o r t a n t .  I f  i n c r e a s e d  w i l d l i f e  h a b i t a t  
i s  a n  o b j e c t i v e  o f  t h e  b u f f e r  s t r i p ,  w i d t h s  o f  3 0  - 1 0 0  m  w o u l d  p r o v i d e  a  m o r e  s u i t a b l e  w i l d l i f e  
c o r r i d o r  o r  t r a n s i t i o n  z o n e  b e t w e e n  t h e  u p l a n d  a g r i c u l t u r a l  l a n d  a n d  t h e  a q u a t i c  e c o s y s t e m  ( C a s t e l l e  
e t  a l .  1 9 9 4 ) .  
S t r e a m b a n k  B i o e n g i n e e r i n g  
S e v e r a l  a u t h o r s  h a v e  e s t i m a t e d  t h a t  g r e a t e r  t h a t  5 0 %  o f  t h e  s t r e a m  s e d i m e n t  l o a d  i n  s m a l l  w a t e r s h e d s  
i n  t h e  M i d w e s t  i s  t h e  r e s u l t  o f  c h a n n e l  e r o s i o n  ( R o s e b o o m  a n d  W h i t e  1 9 9 0 ) .  T h i s  s o i l  u s u a l l y  
c o n s i s t s  o f  s m a l l  s i l t  a n d  c l a y  p a r t i c l e s  w h i c h  a r e  u l t i m a t e l y  d e p o s i t e d  i n  r i v e r s ,  l a k e s  o r  b a c k w a t e r  
a r e a s ,  c h o k i n g  t h e s e  a r e a s  w i t h  s e d i m e n t  a n d  d i m i n i s h i n g  t h e i r  v a l u e  a s  h a b i t a t  f o r  f i s h  a n d  a q u a t i c  
m a c r o i n v e r t e b r a t e s  ( F r a z e e  a n d  R o s e b o o m  1 9 9 3 ) .  T h i s  p r o b l e m  h a s  b e e n  e x a c e r b a t e d  b y  t h e  
i n c r e a s e d  e r o s i v e  p o w e r  o f  s t r e a m s  a s  r e s u l t  o f  s t r e a m  c h a n n e l i z a t i o n  a n d  l o s s  o f  r i p a r i a n  v e g e t a t i o n .  
T h e  t y p i c a l  s o l u t i o n  i s  t o  b u t t r e s s  b l o c k s  o f  c o n c r e t e ,  w o o d  o r  s t e e l  a l o n g  t h e  s t r e t c h  o f  t h e  b a n k  
w h i c h  i s  e r o d i n g  ( F r a z e e  a n d  R o s e b o o m  1 9 9 3 ) .  S u c h  s o l u t i o n s  a r e  c o s t l y  t o  b u i l d  a n d  m a i n t a i n ,  
p r o v i d e  l i t t l e  a q u a t i c  h a b i t a t  a n d  o f t e n  d o  n o t  s l o w  w a t e r  m o v e m e n t  b e c a u s e  o f  t h e i r  s m o o t h  s u r f a c e s .  
A n  a l t e r n a t i v e  s t r e a m b a n k  s t a b i l i z a t i o n  t e c h n i q u e  i s  t h e  u s e  o f  l o c a l l y  a v a i l a b l e  n a t u r a l  m a t e r i a l s  s u c h  
a s  w i l l o w  p o s t s  o r  o t h e r  l i v e  p l a n t  m a t e r i a l ,  o f t e n  i n  c o m b i n a t i o n  w i t h  r e v e t m e n t s  o f  r o c k ,  c u t  E a s t e r n  
r e d c e d a r ,  o r  o t h e r  w o o d y  m a t e r i a l  ( F i g u r e s  3  a n d  4 ) .  T h e s e  t e c h n i q u e s  a r e  o f t e n  r e f e r r e d  t o  a s  s o f t  
e n g i n e e r i n g  o r  s o i l  b i o e n g i n e e r i n g .  T h e  r o o t  s y s t e m s  o f  t h e s e  p l a n t s  p r o v i d e  s t r e n g t h  t o  t h e  
s t r e a m b a n k  s o i l s  a n d  t h e i r  s t e m s  p r o v i d e  a  f r i c t i o n a l  s u r f a c e  w h i c h  s l o w s  f l o o d  f l o w s  r e d u c i n g  t h e i r  
e r o s i v e  p o t e n t i a l .  I f  t h e s e  s t e m s  a r e  d a m a g e d  b y  u n u s u a l l y  l a r g e  f l o o d  e v e n t s ,  t h e  r o o t s  a n d  
r e m a i n i n g  s t e m s  w i l l  p r o d u c e  n e w  s t e m s .  T h i s  d y n a m i c  s y s t e m  a l s o  c a n  p r o v i d e  h a b i t a t  f o r  t e r r e s t r i a l  
a n d  a q u a t i c  o r g a n i s m s .  
S e v e r a l  d i f f e r e n t  s o i l  b i o e n g i n e e r i n g  t e c h n i q u e s  h a v e  b e e n  e m p l o y e d  b y  A I T  a n d  ! S t A R T  ( F i g u r e s  3  
a n d  4 ) .  O n  v e r t i c a l  o r  a c t i v e l y  c u t t i n g  s t r e a m b a n k s ,  c o m b i n a t i o n s  o f  w i l l o w  ' p o s t s '  a n d / o r  a n c h o r e d  
d e a d  t r e e  r e v e t m e n t s  a r e  u s e d  t o  s l o w  b a n k  c o l l a p s e .  T h e s e  p l a n t  m a t e r i a l s  p r o v i d e  a  f r i c t i o n a l  s u r f a c e  
f o r  a b s o r b i n g  s t r e a m  e n e r g y  a n d  t r a p p i n g  s e d i m e n t .  T h e  g o a l  o f  t h e s e  p l a n t i n g s  i s  t o  c h a n g e  t h e  
s t r e a m b a n k  a n g l e  f r o m  v e r t i c a l  t o  a b o u t  5 0 °  t o  a l l o w  o t h e r  v e g e t a t i o n  t o  b e c o m e  e s t a b l i s h e d .  W i l l o w  
( S a l i x  s p . )  c u t t i n g s  w i t h  d i a m e t e r s  r a n g i n g  f r o m  0 . 6  e m  t o  1 2  e m  a r e  c o l l e c t e d  d u r i n g  t h e  d o r m a n t  
s e a s o n ,  c u t  i n t o  0 . 3  - 3  m  s e c t i o n s ,  a n d  s t o r e d  i n  a  c o o l  p l a c e  u n t i l  p l a n t i n g .  S m a l l  c u t t i n g s  w i t h  
d i a m e t e r s  b e t w e e n  0 . 6  e m  - 5  e m  c a n  b e  m a n u a l l y  i n s t a l l e d .  L a r g e  d i a m e t e r  c u t t i n g s  s h o u l d  b e  
h y d r a u l i c a l l y  i n s t a l l e d  u s i n g  a n  a u g e r  m o u n t e d  o n  a  b a c k h o e .  
O n e  o r  t h r e e  r o w s  o f  t h e  l a r g e s t  c u t t i n g s  ( p o s t s )  a r e  p l a c e d  i n t o  t h e  s t r e a m  b e d  a t  t h e  b a s e  o f  t h e  
s t r e a m b a n k  a t  a  s p a c i n g  o f  0 . 6  x  1  m  b e t w e e n  p o s t s .  A n  a d d i t i o n a l  2  - 4  r o w s  o f  s m a l l  d i a m e t e r  
c u t t i n g s  ( s t a k e s )  s h o u l d  b e  p l a n t e d  i n t o  t h e  b a n k  a b o v e  t h e  l o w  w a t e r  l i n e .  
W h e r e  t h e r e  i s  a  c o n c e r n  f o r  a c t i v e  u n d e r c u t t i n g  o f  t h e  b a n k ,  t h e  t o e  o f  t h e  b a n k  c a n  b e  s t a b i l i z e d  
u s i n g  b u n d l e s  o f  E a s t e r n  r e d c e d a r  ( J u n i p e r u s  v i r g i n i a n a )  o r  s m a l l  h a r d w o o d s  ( 5 - 6  y e a r  o l d )  s u c h  a s  
s i l v e r  m a p l e s ,  o a k s ,  e t c .  c a n  b e  t i e d  t o g e t h e r  i n t o  2  - 4  t r e e  b u n d l e s .  A  r o w  o f  t h e s e  b u n d l e s  i s  l a i d  
h o r i z o n t a l l y  a l o n g  t h e  b o t t o m  m o s t  r o w  o f  w i l l o w  p o s t s  w i t h  t h e  b o t t o m s  p o i n t e d  u p s t r e a m  a n d  t h e  
b u n d l e s  a n c h o r e d  i n t o  t h e  b a n k .  W h e r e  p o t e n t i a l  u n d e r c u t t i n g  m a y  b e  s e v e r e ,  r o c k  c a n  b e  u s e d  a l o n g  
t h e  t o e .  W h e r e  h i g h ,  f l a s h y  f l o o d  f l o w s  a r e  e x p e c t e d ,  g r a s s  c a n  b e  s e e d e d  a n d  n a t u r a l  f i b e r  g e o -
t e x t i l e  m a t s  c a n  b e  s t a p l e d  t o  t h e  b a n k s  w i t h  w i l l o w  c u t t i n g s  p l a n t e d  t h r o u g h  t h e m .  T h e s e  
b i o e n g i n e e r i n g  s o l u t i o n s  a r e  v e r y  e f f e c t i v e  a n d  l e s s  e x p e n s i v e  t h a n  t r a d i t i o n a l  s t r e a m b a n k  
s t a b i l i z a t i o n  t e c h n i q u e s .  
C o n s t r u c t e d  W e t l a n d s  
A  c h a r a c t e r i s t i c  o f  m a n y  p a r t s  o f  t h e  u p p e r  m i d w e s t  i s  t h e  p r e s e n c e  o f  a n  e x t e n s i v e  n e t w o r k  o f  
s u b s u r f a c e  t i l e  d r a i n a g e .  S u c h  t i l e  d r a i n s  p r o v i d e  a  d i r e c t  p a t h  t o  s u r f a c e  w a t e r  f o r  n i t r a t e  o r  o t h e r  
a g r i c u l t u r a l  c h e m i c a l s  w h i c h  m o v e  w i t h  t h e  s h a l l o w  g r o u n d w a t e r .  I n  s u c h  i n s t a n c e s ,  c o n s t r u c t e d  
w e t l a n d s  w h i c h  a r e  i n t e g r a t e d  i n t o  n e w  o r  e x i s t i n g  d r a i n a g e  s y s t e m s  m a y  h a v e  c o n s i d e r a b l e  p o t e n t i a l  
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to remove nitrate from shallow subsurface drainage (Crumpton and Baker 1993, Crumpton et al. 
1993). 
Small wetlands can be constructed, at a ratio of 1 ha of wetland to 100 ha of cropland, to process field 
drainage tile water from the cr9pped field. A shallow excavation of less than 1 m at the middle can 
be excavated within the multi-species buffer strip. A s drainage tile is rerouted into the wetland at a 
point furthest from the stream, maximizing the residence time of drainage tile water within the 
wetland. A simple gated water level control structure at the wetland outlet provides control of the 
water level maintained within the wetland. Cattail rhizomes (Typha glauca) can be collected from 
local marshes or road ditches and planted within the wetland and native grasses and forbs can be 
planted on the constructed berm. 
Bacterial denitrification is the major process of nitrogen removal in constructed wetlands. Thus their 
removal rate improves over time as an organic substrate of plant remains forms on the bottom. Even 
initial water quality results are very encouraging with up to 80% of the nitrate-nitrogen being 
removed during the warmer times of the year. In addition, the wetland is also very attractive as 
wildlife habitat. 
Rotational Grazing 
Rotational grazing systems can improve streambank stability and forage production for livestock. 
Large pastures can be divided into 6-7 smaller ones and grazed for several days between 20 -30 day 
rest periods. This pattern concentrates the grazing pressure for a short time and gives both the 
streambanks and the forage crops time to recuperate. This method of grazing is more similar to the 
grazing of bison that once passed over the landscape impacting any one prairie or wetland area for 
only one or two days at a time. 
It is best to keep the livestock off of the streambank and out of the channel if sediment and organic 
chemical additions are to minimized. This can be done by placing a fence 3 m from the bank edge. 
Access to the stream can be provided in areas where the bank is stable or pasture pumps can be used 
to keep the livestock completely out of the stream. 
System Effectiveness 
The components of the RiMS model can effectively intercept and treat NPS pollution from the 
uplands. However, it should be stressed that a riparian management system cannot replace upland 
conservation practices. In a properly functioning agricultural landscape, both upland conservation 
practices and an integrated riparian system contribute to achieving environmental goals and improved 
ecosystem functioning. 
Long-term monitoring has demonstrated the significant capability of these systems to intercept 
eroding soil from adjacent crop land, intercept and process agricultural chemicals moving in shallow 
subsurface water, stabilize stream channel movement, and improve in-stream environments, while also 
providing wildlife habitat, biomass for energy, and high quality timber (Schultz et al. 1995). The 
buffer strip traps 70-90% of the sediment in surface runoff and has reduced nitrate and atrazine 
concentrations moving through the soil solution by over 90 percent, with resulting concentrations 
well below the maximum contaminant levels specified by the U.S. EPA. The constructed wetland has 
also proven to be very effective in processing nitrate and other NPS pollutants moving in the 
agricultural tile drainage water. Streambanks protected by bioengineered plant systems have stood 
up to the recent major floods of 1993 and 1996. Rotational grazing systems can result in 
revegetation of streambanks and reduced sediment loads. Wildlife benefits have also appeared in a 
very short time with a nearly five fold increase in bird species diversity observed within the buffer 
strip versus an adjacent, unprotected stream reach. The RiMS can be effectively used to improve the 
sustainability of the agricultural landscape. 
Literature Cited 
Castelle, A.J., A.W. Johnson, and C. Conolly. 1994. Wetland and stream buffer size requirements- a 
review. J. Environ. Qual. 23:878-882. 
Cooper, J.R., J. W. Gilliam, R.B. Daniels, and W.P. Robarge. 1987. Riparian areas as filters for 

















C r u m p t o n ,  W . G .  a n d  J . L .  B a k e r .  1 9 9 3 .  I n t e g r a t i n g  w e t l a n d s  i n t o  a g r i c u l t u r a l . d r a i n a g e  s y s t e m s :  
p r e d i c t i o n s  o f  n i t r a t e  l o a d i n g  a n d  l o s s  i n  w e t l a n d s  r e c e i v i n g  a g r i c u l t u r a l  s u b s u r f a c e  d r a i n a g e .  
P a g e s  1 1 8 - 1 2 6  i n  J . K .  M i t c h e l l ,  e d i t o r .  I n t e g r a t e d  R e s o u r c e  M a n a g e m e n t  a n d  L a n d s c a p e  
M o d i f i c a t i o n  f o r  E n v i r o n m e n t a l  P r o t e c t i o n .  A m e r i c a n  S o c i e t y  o f  A g r i c u l t u r a l  E n g i n e e r s .  S t .  
J o s e p h ,  M I .  
C r u m p t o n ,  W . G . ,  T . M .  I s e n h a r t ,  a n d  S . W .  F i s h e r .  1 9 9 3 .  T r a n s f o r m a t i o n  a n d  f a t e  o f  n i t r a t e  i n  
w e t l a n d s  r e c e i v i n g  n o n p o i n t  s o u r c e  a g r i c u l t u r a l  i n p u t s .  I n  G . A .  M o s h i r i ,  e d i t o r .  C o n s t r u c t e d  
W e t l a n d s  f o r  W a t e r  Q u a l i t y  I m p r o v e m e n t .  L e w i s  P u b l i s h e r s .  C h e l s e a ,  M I .  
F r a z e e ,  R . W .  a n d  D . P .  R o s e b o o m .  1 9 9 3 .  P a g e s  2 0 8 - 2 1 3  i n  J . K .  M i t c h e l l ,  e d i t o r .  I n t e g r a t e d  
R e s o u r c e  M a n a g e m e n t  a n d  L a n d s c a p e  M o d i f i c a t i o n  f o r  E n v i r o n m e n t a l  P r o t e c t i o n .  
A m e r i c a n  S o c i e t y  o f  A g r i c u l t u r a l  E n g i n e e r s .  S t .  J o s e p h ,  M I .  
J a c o b s ,  T . C .  a n d  J . W .  G i l l i a m .  1 9 8 5 .  R i p a r i a n  l o s s e s  o f  n i t r a t e  f r o m  a g r i c u l t u r a l  d r a i n a g e  w a t e r s .  J .  
E n v i r o n .  Q u a l .  2 2 : 4 6 7 - 4 7 3 .  
L o w r a n c e ,  R . R .  1 9 9 2 .  G r o u n d w a t e r  n i t r a t e  a n d  d e n i t r i f i c a t i o n  i n  a  c o a s t a l  p l a i n  r i p a r i a n  f o r e s t .  J .  
E n v i r o n .  Q u a l .  2 1 : 4 0 1 - 4 0 5 .  
L o w r a n c e ,  R . R . ,  R .  L e o n a r d ,  a n d  J .  S h e r i d a n .  1 9 8 5 .  M a n a g i n g  r i p a r i a n  e c o s y s t e m s  t o  c o n t r o l  
n o n p o i n t  s o u r c e  p o l l u t i o n .  J .  S o i l  W a t e r  C o n s e r v .  4 0 : 8 7 - 9 1 .  
L o w r a n c e ,  R . R . ,  R .  T o d d ,  J .  F a i l ,  J r . ,  0 .  H e n d r i c k s o n ,  J r . ,  R .  L e o n a r d ,  a n d  L .  A s m u s s e n .  1 9 8 4 .  
R i p a r i a n  f o r e s t s  a s  n u t r i e n t  f i l t e r s  i n  a g r i c u l t u r a l  w a t e r s h e d s .  B i o S c i .  3 4 : 3 7 4 - 3 7 7 .  
O s b o r n e ,  L . L .  a n d  D . A .  K o v a c i c .  1 9 9 3 .  R i p a r i a n  v e g e t a t e d  b u f f e r  s t r i p s  i n  w a t e r - q u a l i t y  r e s t o r a t i o n  
a n d  s t r e a m  m a n a g e m e n t .  F r e s h w a t e r  B i o i .  2 9 : 2 4 3 - 2 5 8 .  ·  
P e t e r j o h n ,  W . T .  a n d  D . L .  C o r r e l l .  1 9 8 4 .  N u t r i e n t  d y n a m i c s  i n  a n  a g r i c u l t u r a l  w a t e r s h e d :  
o b s e r v a t i o n s  o n  t h e  r o l e  o f  a  r i p a r i a n  f o r e s t .  E c o l o g y  6 5 : 1 4 6 6 - 1 4 7 5 .  
R o s e b o o m ,  D . P .  a n d  W .  W h i t e .  1 9 9 0 .  T h e  C o u r t  C r e e k  R e s t o r a t i o n  P r o j e c t :  e r o s i o n  c o n t r o l  
t e c h n o l o g y  i n  t r a n s i t i o n .  P a g e s  2 5 - 4 0  i n  P r o c e e d i n g s  o f  X X I  C o n f e r e n c e  o f  t h e  I n t e r n a t i o n a l  
E r o s i o n  C o n t r o l  A s s o c i a t i o n .  W a s h i n g t o n ,  D C .  
S c h u l t z ,  R . C . ,  J . P .  C o l l e t t i ,  T . M .  I s e n h a r t ,  W . W .  S i m p k i n s ,  C . W .  M i z e ,  a n d  M . L .  T h o m p s o n .  1 9 9 5 .  
D e s i g n  a n d  P l a c e m e n t  o f  a  m u l t i - s p e c i e s  r i p a r i a n  b u f f e r  s t r i p  s y s t e m .  A g r o f o r e s t r y  S y s t e m s  
2 9 : 2 0 1 - 2 2 6 .  
1 4 1  
Integrated Riparian Management System 
Figure 1. Riparian Management System (RiMS) model with a multi-species buffer strip (MSRBS), 
streambank bioengineering techniques, and constructed wetlands. 
Multi-Species Riparian Buffer Strip Model 
Fast growing tree species 
.......... 
. Slow growing tree species 
I ~ ... ,,it~·hgrass Crop 
Figure 2. Multi-species riparian buffer strip (MSRBS) model which includes tree rows closest to the 
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P o s t s  
F i g u r e  3 .  A  b u f f e r s t r i p  w i t h  a  s t r e a m b a n k  b i o e n g i n e e r i n g  s y s t e m  c o n s i s t i n g  o f  w i l l o w  p o s t s  a n d  
s t a k e s ,  g e o - t e x t i l e  m a t t i n g  a n d  r o c k  o r  r e d c e d a r  b a n k  t o e  c o n t r o l .  
F i g u r e  4 .  C r o s s - s e c t i o n  o f  a  s t r e a m b a n k  b i o e n g i n e e r i n g  s y s t e m  u s i n g  g e o - t e x t i l e  w i t h  g r a s s  a n d  
w i l l o w  s t a k e s ,  a  l i v e  f a s c i n e  a n d  r o c k  r i p - r a p  f o r  b a n k  t o e  c o n t r o l .  
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